E. FISCHER, 0. HOFFMANN, E. PRADO, AND R. BON-BACTERIOSTATIC EFFECTS OF SOME LEUCO-DERIVATIVES OF MALACHITE GREEN
We made bacteriostatic experiments with some leuco-derivatives of malachite green (Fischer, Hoffmann and Prado, 1944) . As a test-object, we used a strain of scarlet fever Streptococcus (Dochez, N. Y. 5) in peptone glucose broth or Goodner's medium, using 0.5 ml of a 12-to 16-hour-old culture. Table 1 illustrates the results of many tests and demonstrates the high bacteriostatic power of the carbinol base, which is an especially remarkable fact, as this leuco-derivative is practically insoluble in water.
The carbinol base has been applied in a suspension, made by rapid dilution of a concentrated, alcoholic solution with water. This suspension was very unstable, flocculated soon, and formed a precipitate at the bottom of the tube. Similar suspensions have been made with the sparingly hydrosoluble leucoamine and leucocyanide compounds. These suspensions were more stable than those of the carbinol base. The bisulphite and hydrosulphite derivatives, in their acid forms, are sufficiently hydrosoluble, whereas their sodium salts readily The first leucobase examined in these experiments was leuco malachite green. This compound is soluble in dilute acids, transforming its two phenyldimethylamine groups into the corresponding phenyldimethylammonium salts. It is practically insoluble in neutral or alkaline water.
In experiments with the Streptococcus mentioned above, both acid solutions and neutral suspensions were used. Such suspensions were made by rapid dilution of a saturated alcoholic solution with distilled water. The suspensions were rather coarsely dispersed. The acid solutions mixed with the buffered culture medium precipitated in the form of a very fine, apparently colloidal, suspension. After 24 hours, such colloidal suspensions would become more turbid, but even then they showed no sedimentation. The results of repeated experiments are given in table 2 and surprisingly show that the roughly dispersed suspension has a stronger bacteriostatic action than the finely dispersed one. Because of that strange result, we repeated the same experiment several times but obtained invariably the same result.
As a working hypothesis to explain this fact, we assumed that (1) leuco malachite green itself is not bacteriostatic; (2) the apparent activity of the roughly dispersed form is due to the presence of minimal amounts of the oxidized form; (3) leuco malachite green in a finely dispersed suspension or colloidal solution is capable of preventing the bacteriostatic action of this oxidized form.
To verify this hypothesis we performed special experiments, applying the leucobase in a finely dispersed form together with the oxidized, active derivatives. Table 5 shows that leuco gentian violet is not bacteriostatic, behaving like leuco malachite green, whereas leucorosaniline shows some bacteriostatic power. This is all the more remarkable as the bacteriostatic power of the original rosaniline dye is relatively weak, so that there is very little difference between the bacteriostatic action of oxidized and reduced rosaniline. We have yet no explanation for this behavior.
Further experiments were made in which the dyes and the different leucobases were simultaneously applied (table 6). The table shows that malachite green and gentian violet are not only inhibited each by its own homologous leucobase, but also by the heterologous leucobase. Rosa iline, however, is not inhibited by the used concentration of these leucobases. It seems that the mechanism of rosaniline bacteriostasis is somewhat different from that of malachite green or gentian violet bacteriostasis.
DISCUSSION
There is some evidence that the bacteriostatic action of triphenylmethane dyes is connected with the respiratory metabolism of the microorganisms. Burnet (1925) found that rosaniline interferes with the peroxidase activity of microorganisms. Ingraham (1933) It is possible to explain bacteriostasis by malachite green and gentian violet on the basis that the corresponding leucobases are substrates for some important oxidative enzymes (peroxidase, polyphenoloxidase, etc.) and, therefore, the oxidized dye forms also bind these enzymes; however, as the dye form cannot be oxidized, the enzyme remains blocked (cf. Mann and Quastel, 1939 There is another difficulty, which could not be explained until now, and this is the divergent behavior of rosaniline dye and its leucobase. We are trying now to approach the problem by investigating whether or not a biochemical antagonism between oxidized compounds and leucobases can be demonstrated in experiments which exclude the possibility of adsorption and of other nonspecific influences. The results of these experiments will be published in a second paper.
We shall briefly mention that an antagonistic influence upon the redox potential, which is otherwise a very important and often discussed factor in certain bacteriostatic dye effects, cannot be taken into consideration here. The 'extremely high dilution, in which triphenylmethane dyes act, excludes the possibility of any poising effect upon the redox potential of the cultures in question. Ingraham (1933) static, but they also prevent the bacteriostatic effects of the active derivatives; (4) rosaniline shows a different behavior, as its leucobase is bacteriostatically active and its oxidized dye form is not inhibited by any of the tested leucobases.
